Differential ganciclovir-mediated cell killing by glutamine 125 mutants of herpes simplex virus type 1 thymidine kinase.
The therapeutic combination of the herpesvirus simplex virus type 1 (HSV-1) thymidine kinase (TK) gene and the prodrug, ganciclovir (GCV), has found great utility for the treatment of many types of cancer. After initial phosphorylation of GCV by HSV-1 TK, cellular kinases generate the toxic GCV-triphosphate metabolite that is incorporated into DNA and eventually leads to tumor cell death. The cellular and pharmacological mechanisms by which metabolites of GCV lead to cell death are still poorly defined. To begin to address these mechanisms, different mutated forms of HSV-1 TK at residue Gln-125 that have distinct substrate properties were expressed in mammalian cell lines. It was found that expression of the Asn-125 HSV-1 TK mutant in two cell lines, NIH3T3 and HCT-116, was equally effective as wild-type HSV-1 TK for metabolism and sensitivity to GCV, bystander effect killing and induction of apoptosis. The major difference between the two enzymes was the lack of deoxypyrimidine metabolism in the Asn-125 TK-expressing cells. In HCT-116 cells expressing the Glu-125 TK mutant, GCV metabolism was greatly attenuated, yet at higher GCV concentrations, cell sensitivity to the drug and bystander effect killing were diminished but still effective. Cell cycle analysis, 4', 6'-diamidine-2'-phenylindoledihydrochloride staining, and caspase 3 activation assays indicated different cell death responses in the Glu-125 TK-expressing cells as compared with the wild-type HSV-1 TK or Asn-125 TK-expressing cells. A mechanistic hypothesis to explain these results based on the differences in GCV-triphosphate metabolite levels is presented.